INTRODUCTION
Recently we have started an investigation of the electronic structure of rare earth compounds by means of ab initio self-consistent-field calculations. These calculations were carried out in the framework of the Hartree-Fock-Roothaan formalism employing a basis set of Gaussian-type orbitals. Satisfactory basis sets of this type have been published for many atoms is but, as far as we are aware, not for the rare earths. We have therefore determined such sets for the neutral rare earth atoms and their trivalent ions. The purpose of the present paper is twofold. First we want to draw the attention of theoretical workers in this field to the existence of these basis sets and to the fact that a limited number of copies can be obtained from the authors on request. Second, a brief description is presented of the main characteristics of the sets, including an assessment of their quality by means of a comparison with numerical Hartree-Fock results.
BASIS SET SIZE
The size of the basis sets was determined by requiring on the one hand very good agreement between various atomic properties calculated with these sets and the corresponding properties resulting from numerical Hartree-Fock (NHF) calculations. On the other hand they should still be manageable in molecular calculations to be carried out later. For the trivalent ions these requirements resulted in sets consisting of 18s, 15p, lOd, and 8f type functions. For the neutral atoms three stype functions had to be added, two of which were mainly used to describe the outer part of the 6s orbital. These sets are hence quite large and we could use them in our molecular calculations only by applying contraction and by making use of the high molecular symmetry of the calculated compounds. 8
There are a number of reasons for insisting on basis sets of this size. First, their ability of reproducing numerical Hartree-Fock results closely is a desirable feature. The chances of producing artefacts in the results of molecular calculations due to basis set deficiencies are hereby considerably reduced. Second, since these basis sets not only describe the valence regions of the atomic wave functions well but also their core regions, inner shell properties can be studied as well. Detailed comparison between quantities calculated respectively by Hartree-Fock and Fock-Dirac wave functions 9 seems to indicate that in general the changes oc-curring in atomic orbitals due to relativistic effects should not be neglected, as we have done, in molecular calculations. Whether this is achieved by setting up and solving Fock-Dirac equations for molecules 10 or by adding relativistic correction operators to the nonrelativistic Hamiltonian, 11 a Gaussian basis set will be necessary. The sets presented here are probably flexible enough to be of direct use in such calculations also. Alternatively they should provide a very good starting point for finding optimal relativistic basis sets.
The exponents were determined by an atomic optimi- van Piggelen, Nieuwpoort, and van der Vel de: Gaussian basis sets for the rare earths zation program written by one of us (v.d. V.). With this program the total SCF energy of an atom or ion can be minimized with respect to simultaneous variations in the orbital exponents. The optimization method used, is that of Davidon-Fletcher-Powell. 7
RESULTS AND DISCUSSION
By way of example, Table I displays the exponents for Eu 3 + together with the contraction coefficients that define the contracted basis functions which have been used in our calculations on (Eu0 6 )9-,9 The same contraction scheme, leading to a reduced basis set of 128-, 9p-, 6d-, and 2/-type functions can be used for the other ions. It should be noted that in this table the exponents that describe the outer part of the 6s orbital in the neutral atom have been added in parentheses.
The total energies and the spin-orbit coupling constant t(4f), calculated according to the Blume-Watson formulas,12 respectively with our basis sets and the NHF program 13 are compared in Tables II and III . The agreement shown is very satisfactory, The differences in the total energies are generally smaller than 0.03 a, u. and appear to a large extent systematically in all states of a particular atom. Calculated energy differences such as ionization energies therefore are essentially the same for the two methods of computation, Table IV finally allows a comparison between various one-electron properties for the Eu 3 + ion. The agreemen is again satisfactory and is representative for the results obtained for the other ions. We note that the expectation values of r" show increasing deviations when n gets larger, particularly for the outer orbitals 58, 5p, and 4/, This is indicative of the relatively poor representation of the tail parts of these functions. In Fig. 1 the radial 4/ function obtained with our basis set is plotted, The dotted line represents the difference between this function and the NHF function, which had to be multiplied by 100 to make it visible, The figure indicates that it is difficult to represent the inner parts of atomic orbitals with Gaussian functions, It may be noted, however, that earlier work on the Mossbauer isomer shifts in iron compounds 14 has demonstrated the usefulness of Gaussian basis sets in this region as well. Finally, in Fig, 2 the logarithm of the orbital exponents of the Eu 3 + basis functions is plotted against their count number, The approximate linear behavior especially for the lower exponents is observed for the other ions as well. This is a feature which we have found to be useful in molecular calculations when one wants to add some more functions with more diffuse exponents to the basis set. 15
